Although memory confidence and accuracy tend to be positively correlated, people sometimes remember with high confidence events that never happened. How can confidence correlate with accuracy but apply also to illusory memories? One possible explanation is that high confidence in veridical versus illusory memories depends on different neural mechanisms. The present study investigated this possibility using functional magnetic resonance imaging and a modified version of the Deese-Roediger-McDermott false-memory paradigm. Participants read short lists of categorized words, and brain activity was measured while they performed a recognition test with confidence rating. The study yielded three main findings. First, compared with low-confidence responses, high-confidence responses were associated with medial temporal lobe (MTL) activity in the case of true recognition but with frontoparietal activity in the case of false recognition. Second, these regions showed significant confidence-by-veridicality interactions. Finally, only MTL regions showed greater activity for high-confidence true recognition than for high-confidence false recognition, and only frontoparietal regions showed greater activity for high-confidence false recognition than for high-confidence true recognition. These findings indicate that confidence in true recognition is mediated primarily by a recollection-related MTL mechanism, whereas confidence in false recognition reflects mainly a familiarity-related frontoparietal mechanism. This account is consistent with the fuzzy trace theory of false recognition. Correlation analyses revealed that MTL and frontoparietal regions play complementary roles during episodic retrieval. In sum, the present study shows that when one focuses exclusively on high-confidence responses, the neural correlates of true and false memory are clearly different.
Introduction
Although memory confidence and memory accuracy are usually positively correlated (Lindsay et al., 1998) , in certain situations, we can remember with high confidence events that never happened (Schacter, 2001) . How can confidence correlate with accuracy but apply also to illusory memories? One possible explanation is that high confidence in veridical versus illusory memories depends on different neural mechanisms. In the present study, we investigated this idea using functional magnetic resonance imaging (fMRI) and a modified version of the Deese-RoedigerMcDermott (DRM) false-memory paradigm (Deese, 1959; Roediger and McDermott, 1995) .
In this paradigm, participants study a list of words that are all related to a critical word that is not presented, and at test, they show a strong tendency to falsely recognize the critical lure. According to a popular false-memory theory Schacter et al., 1996c) , true recognition of studied list items is supported by retrieval of item-specific information, whereas false recognition of the critical lures reflects mainly the retrieval of semantic gist information. Thus, true recognition may be accompanied by vivid remembering of specific contextual details, or recollection, whereas false recognition is largely based on a feeling of oldness in the absence of contextual details, or familiarity (Brainerd and Reyna, 2002) . Thus, high confidence in true recognition is likely to involve brain regions associated with recollection, whereas high confidence in false recognition is more likely to involve regions associated with familiarity.
Recollection has been strongly associated with medial temporal lobe (MTL) regions, and familiarity has been associated with prefrontal cortex (PFC) and parietal regions. Lesions in MTL regions such as the hippocampus have been shown to impair recollection rather than familiarity in both humans (Yonelinas et al., 2002) and animals (Fortin et al., 2004) , and functional neuroimaging studies often find recollection-related activations within MTL (for review, see Eichenbaum et al., 2007) . Although familiarity has been also linked to some MTL regions, such as the perirhinal cortex, its associations with PFC and parietal regions are supported by both lesion and neuroimaging evidence. For example, Duarte et al. (2005) found that patients with dorsolateral PFC lesions were significantly impaired in familiarity. Functional neuroimaging studies have associated familiarity with both PFC and parietal activations (Cansino et al., 2002; Yonelinas et al., 2005) .
Thus, the goal of the present study was to investigate the hypothesis that confidence in true recognition is mediated primarily by recollection-related MTL activity, whereas confidence in false recognition is mediated mainly by familiarity-related frontoparietal activity. To this end, we investigated whether separate contrasts would show that high-confidence recognition responses elicit greater MTL activity in the case of true recognition, but greater frontoparietal activity in the case of false recognition. Also, we investigated whether these regions would show confidence (high vs low) ϫ veridicality (true vs false) interactions. Furthermore, we kept high-confidence constant and directly compared true and false recognition. Finally, we investigated the relationship between MTL and frontoparietal regions using correlation analyses.
Materials and Methods
Subjects. Sixteen young adults participated in the experiment. They were healthy, right-handed, native English speakers, with no history of neurological or psychiatric episodes. All subjects gave informed consent to a protocol approved by the Duke University Institutional Review Board. In an effort to identify neural correlates of confidence in true recognition and false recognition, the analyses focused on the following four trial types: high-confidence true recognition, low-confidence true recognition, high-confidence false recognition, and low-confidence false recognition. Five subjects were excluded from the analyses because of sparse number (Ͻ10) of trials in one of the four trial types. Thus, the reported results are based on the data from the remaining 11 subjects (five female; age range, 18 -30).
Stimulus materials. The method we used was an adaptation of DRM false-memory paradigm (Deese, 1959; Roediger and McDermott, 1995) . The materials were 72 categorical six-word lists selected from category norms (Battig and Montague, 1969; Yoon et al., 2004) . Each list consisted of the six most typical instances (e.g., cow, pig, horse, chicken, sheep, goat) of a natural/artificial category (e.g., farm animal), with minor exceptions. In each list, the third to the sixth typical instances were used as encoding stimuli (true words); the first and the second typical instances were used as "critical lures" (false words) in the test phase. Additionally, semantically unrelated words, matched in letter number, frequency, and concreteness to the category words, were used as control words (new words) in the test phase. The categories were carefully chosen so that their instances did not overlap. Thus, both "farm animal" and "wild animal" categories were included in the stimulus set, but "four-legged animal" was not included.
Task procedures. The paradigm is illustrated by Figure 1 . During the study phase, participants viewed one by one 82 "mini" word lists, each consisting of a category name and four of the most typical members of the category. Each list was presented for 4 s. The subjects' task was to decide whether all four or only three instances belonged to the category by pressing one of the two keys in a response box using their right hand.
In 72 "critical" trials used in fMRI analyses, all four words were member of the category, whereas in 10 "catch" trials, only three of the four words belonged to the category. The test phase, which started ϳ10 min after completion of the study phase, consisted of six scans. There were a total of 288 true-word, 144 false-word, and 144 new-word trials across all scans. Trials were presented in a predetermined, pseudorandom order. In each trial, a word was shown for 2 s, followed by a fixation cross for 1 s. A fixation period, ranging from 1.5 to 4.5 s, was interspersed across both study and test trials to "jitter" the onset times of trials and allow eventrelated fMRI analyses. All words in the test phase were displayed in white color against black background. Subjects responded by pressing one of four keys according to whether the word was judged to be "sure old," "unsure old," "unsure new," or "sure new." fMRI procedures. MRI scanning was conducted using a 4-T GE magnet. Scanner noise was reduced with earplugs, and head motion was reduced with foam pads and headbands. Stimuli were presented with liquid-crystal display goggles. Anatomical scanning started with a T2-weighted sagittal localizer series. The anterior commissure (AC) and posterior commissure (PC) were identified in the midsagittal slice, and 34 contiguous oblique slices were prescribed parallel to the AC-PC plane. High-resolution T1-weighted structural images were collected with a 500 ms repetition time (TR), a 14 ms echo time (TE), a 24 cm field of view (FOV), a 256 2 matrix, 68 slices, and a slice thickness of 1.9 mm. Functional images were acquired using an inverse spiral sequence with a 1500 ms TR, a 6 ms TE, a 24 cm FOV, a 64 2 matrix, and a 60°flip angle. Thirty-four contiguous slices were acquired with the same slice prescription as the anatomical images. Slice thickness was 3.75 mm, resulting in cubic 3.75 mm 3 isotropic voxels. Although scanning took place during encoding and retrieval, the present study focuses on fMRI data collected during retrieval. The fMRI data collected during encoding was reported previously (Kim and Cabeza, 2007) . Image processing and analyses were performed using SPM2 software (www.fil.ion.ucl.ac.uk/spm/). After discarding the first six volumes, the functional images were slice-timing corrected and motion corrected, and then spatially normalized to the Montreal Neurological Institute (MNI) templates implemented in SPM2. The coordinates were later converted to Talairach and Tournoux (1988) space. Subsequently, the functional images were spatially smoothed using an 8 mm isotropic Gaussian kernel, and resliced to a resolution of 3.75 mm 3 isotropic voxels.
Trial-related fMRI activity was first modeled by convolving a vector of the onset times of the stimuli with a canonical hemodynamic response function (HRF). The general linear model (GLM), as implemented in SPM2, was used to model the effects of interest and other confounding effects (e.g., head movement and magnetic field drift). Trials were coded based on item status (true words, false words, new words) and subjects' responses (sure old, unsure old, unsure new, sure new). In an effort to identify neural correlates of confidence in true recognition and false recognition, four critical trial types were selected a priori for further analyses: (1) high-confidence true recognition (i.e., sure old responses to true words), (2) low-confidence true recognition, (3) high-confidence false recognition (i.e., sure old responses to false words), and (4) lowconfidence false recognition. For each subject, statistical parametric maps (SPM) pertaining to the effects of interest were identified and subsequently integrated across subjects using a random-effects model.
Preliminary fMRI analysis. In addition to analyses relevant to the main hypothesis, which, as described below, focus on differential effects of confidence on true and false recognition, we conducted a preliminary analysis to identify similar effects of confidence on true and false recognition. This contrast identified the main effects of confidence (high Ͼ low and low Ͼ high) on all recognition trials (i.e., collapsed over true and false recognition) at a threshold of p Ͻ 0.005 with Ͼ15 contiguous vox- Figure 1 . Behavioral paradigm. The encoding task was a category judgment task. The retrieval task was an old-new recognition test with confidence ratings that included studied words (true words), nonstudied words from studied categories (false words), and nonstudied, unrelated words (new words). els, and then masked out voxels showing veridicality ϫ confidence interactions at a very lenient threshold ( p Ͻ 0.15). It is worth noting that the more lenient the threshold of the mask, the more strict the test for the absence of an interaction.
Main fMRI analyses. As stated in the Introduction, our main hypothesis posits that confidence in true recognition is mediated primarily by recollection-related MTL activity, whereas confidence in false recognition is mediated mainly by familiarity-related frontoparietal activity. We examined this hypothesis across three analyses: (1) contrasts between high-and low-confidence trials performed separately for true and false recognition; (2) a test of veridicality (true vs false)-by-confidence (high vs low) interactions; and (3) a direct contrast between high-confidence true recognition and high-confidence false recognition. All effects were assessed using an uncorrected threshold of p Ͻ 0.005 with an extent threshold of Ͼ15 contiguous voxels, which yields a false positive probability of 0.00001 per voxel according to Monte Carlo simulations of spatially correlated data (Forman et al., 1995) . In addition to SPM-based contrasts, follow-up region-of-interest (ROI) analyses were performed for certain significant clusters in the group contrast analyses. From each subject and ROI, the mean parameter estimate across all significant voxels was extracted for the four critical trial types, respectively. These parameter estimates were subject to repeated-measures ANOVAs.
In addition to these three main analyses, to investigate the relationship between MTL and frontoparietal regions we performed correlation analyses including these two sets of regions. These analyses were performed in three steps. First, from each subject and a pair of ROIs (e.g., left MTL and left PFC), a within-subject Pearson correlation coefficient was computed across the mean parameter estimates of the four critical conditions. Second, the mean of this correlation was computed across subjects, and finally, significance of this mean correlation was tested using a random effects approach. For all ROI analyses, the significance threshold was set at p Ͻ 0.05, two-tailed.
Results

Behavioral performance
Category judgment at the study phase was very accurate (mean, 95% correct). Behavioral results at the test phase are summarized in Table 1 . At the test phase, combined across high-and lowconfidence recognition, the proportion of hits for true words (73.7%) was significantly greater than the proportion of false alarms for false words (52.5%; t (10) ϭ 5.92, p Ͻ 0.001), which in turn was significantly greater than the proportion of false alarms for new words (19.8%; t (10) ϭ 10.50, p Ͻ 0.001). Critically for our fMRI analyses, there was a substantial number of highconfidence false alarms to false words (20%). In contrast, highconfidence false alarms to new words were scarce (4%) and significantly fewer (t (10) ϭ 7.25; p Ͻ 0.001). Thus, the paradigm was effective in eliciting high-confidence false memories. As expected, reaction times were longer for low-than for highconfidence responses (true words: t (10) ϭ 8.21, p Ͻ 0.001; false words: t (10) ϭ 6.49, p Ͻ 0.001).
Common effects of confidence on true and false recognition
To identify similar effects of confidence on true recognition and false recognition activity, we tested the contrasts [(highconfidence true recognition and false recognition) Ͼ (lowconfidence true recognition and false recognition)] and [(low-confidence true recognition and false recognition) Ͼ (high-confidence true recognition and false recognition)] (supplemental Table 1 , available at www.jneurosci.org as supplemental material). The most notable regions identified in these contrasts are illustrated in Figure 2 . A right dorsolateral/anterior PFC region [Brodmann area (BA) 46/10] (Fig. 2 A) and a dorsal precuneus region (BA 7) (Fig. 2 B) showed common low-confidence activity across true recognition and false recognition. In contrast, a posterior cingulate region (BA 31) (Fig. 2C) showed common high-confidence activity across true recognition and false recognition. The general involvement of right dorsolateral PFC in lowconfidence responses fits very well with fMRI evidence that this region is involved in monitoring and/or decision processes across different cognitive functions (Henson et al., 2000; Fleck et al., 2006) . The dorsal precuneus was associated with low-confidence responses, whereas the posterior cingulate was associated with high-confidence responses. Although this dissociation is tangential to the main goals of this study, it is worth mentioning that it is consistent with the results of two recent fMRI studies of episodic retrieval (Yonelinas et al., 2005; Daselaar et al., 2006) .
Differential effects of confidence on true and false recognition
The main hypothesis states that confidence in true recognition is mediated mainly by recollection-related MTL activity, whereas confidence in false recognition is mediated mainly by familiarityrelated frontoparietal activity. To investigate this hypothesis, we performed three fMRI analyses. First, we compared high-and low-confidence responses separately for true recognition and for false recognition (Table 2) . Consistent with our hypothesis, highconfidence responses were associated with MTL activity in the case of true recognition (Fig. 3A, top) but with frontoparietal activity in the case of false recognition (Fig. 3B, bottom) . In contrast, low-confidence true recognition was associated with frontoparietal regions (Fig. 3A, bottom) and low-confidence false recognition with MTL regions (Fig. 3B, top ).
An interesting secondary finding during true recognition was a dissociation between a more dorsal posterior parietal region (BA 7; in or around the intraparietal sulcus), which showed greater activity for low-than high-confidence true recognition (Fig. 3A , bottom, blue parietal region), and a more ventral parietotemporal region (BA 39), which showed greater activity for high-than low-confidence true recognition (yellow parietal region in the same image). This dissociation was confirmed by a significant region ϫ confidence interaction (F (1,10) ϭ 47.53, p Ͻ 0.001). This finding is consistent with evidence linking parietotemporal cortex to recollection (Wheeler and Buckner, 2004; Yonelinas et al., 2005; Daselaar et al., 2006) , and with evidence that dorsal and ventral posterior parietal regions play different roles in episodic retrieval (for review, see Wagner et al., 2005) .
Second, although the results of separate analyses on true and false recognition supported our hypothesis, to confirm the differential involvement of MTL and frontoparietal regions in true versus false recognition, we entered both conditions into the same model and searched for voxels showing confidence (high vs low) ϫ veridicality (true vs false) interactions across the whole brain. Consistent with our hypothesis, significant interactions were found almost exclusively in MTL and frontoparietal regions Values are across-subject means (SD).
( Table 3 , Fig. 4 ). Within MTL, bilateral posterior hippocampal and parahippocampal activity was greater for highthan low-confidence true recognition, but it was greater for low-than highconfidence false recognition (Fig. 4 A) .
Within bilateral frontoparietal regions, in contrast, activity was greater for low-than for high-confidence true recognition, but it was greater for high-than lowconfidence false recognition (Fig. 4 B) . Thus, the pattern of frontoparietal activity was a virtual mirror image of the pattern of MTL activity (Fig. 4 A, B , compare bar graphs). These dissociations were confirmed by a significant region ϫ confidence ϫ veridicality interaction between left MTL and both left PFC (F (1,10) ϭ 74.67, p Ͻ 0.001) and left dorsal parietal cortex (F (1,10) ϭ 57.28, p Ͻ 0.001) and between right MTL and both right PFC (F (1,10) ϭ 143.39, p Ͻ 0.001) and right dorsal parietal cortex (F (1,10) ϭ 55.63, p Ͻ 0.001). Finally, to more directly test the hypothesis that high-confidence true recognition is driven by MTL-mediated recollection whereas high-confidence false recognition is driven by frontoparietalmediated familiarity, we compared highconfidence true and false recognition directly to each other across all voxels in the brain. Consistent with the hypothesis, significant differences were found exclusively in frontoparietal and MTL regions ( Table  4) . As illustrated by Figure 5 , the results directly supported our hypothesis. Compared with high-confidence false recognition, high-confidence true recognition elicited greater activity in bilateral MTL regions (posterior hippocampus and parahippocampal cortex) and no other brain regions (Fig. 5A) . Compared with highconfidence true recognition, highconfidence false recognition elicited greater activity in frontoparietal regions (Fig. 5B) , including anterior (BA 10) and posterior ventrolateral (BA 44) PFC regions and bilateral dorsal parietal regions (BA 40/7), and no other brain regions.
The activation patterns in Figure 4 suggest that (1) consistent with the notion of a frontoparietal network, posterior ventrolateral PFC and dorsal parietal regions behaved very similarly to each other, and (2) they behaved very differently than MTL regions. To investigate these ideas, correlation analyses were conducted among the two frontal, two parietal, and two MTL regions displayed in Figure 4 . From each subject and a pair of ROIs, a within-subject Pearson correlation was computed across the four critical conditions, the mean of ) showed greater activity for low-than high-confidence (Conf) response for both true recognition and false recognition. In contrast, posterior (Post.) cingulate region (C) showed greater activity for high-than low-confidence response for both true recognition and false recognition. The bar graphs display mean parameter estimates across all significant voxels. Error bars show Ϯ 1 SE. HC, High confidence; LC, low confidence; TR, true recognition; FR, false recognition.
this correlation was computed across subjects, and statistical significance of this mean correlation was tested using a random effects approach. These analyses were done separately for the left and right hemispheres. The results yielded two main findings (Fig. 6) . First, consistent with the idea of a frontoparietal network, PFC activity was positively correlated with dorsal parietal activity. Second, consistent with the idea of a complementary relationship between the frontoparietal network and MTL, PFC and parietal activations were negatively correlated with MTL activations. All correlations were significant except the correlation between left MTL and dorsal parietal cortex ( p ϭ 0.11). The results of correlation analyses suggest the existence of a parallel relationship between PFC and parietal regions and a complementary relationship between this frontoparietal network and MTL regions.
Discussion
The goal of the present study was to test the hypothesis that confidence in true memories reflects mainly recollection-related MTL activity, whereas confidence in false memories reflects mainly familiarity-related frontoparietal activity. The present study yielded three findings supporting this hypothesis. First, compared with low-confidence responses, high-confidence responses were associated with MTL activity in the case of true recognition but with frontoparietal activity in the case of false recognition (Fig. 3) . Second, these regions showed significant confidence-by-veridicality interactions (Fig. 4) . Finally, only MTL regions showed greater activity for high-confidence true recognition than for high-confidence false recognition, and only frontoparietal regions showed the reverse pattern (Fig. 5) . Together, these findings demonstrate a clear dissociation between the neural correlates of confidence in true and false recognition. The dissociation between regions supporting confidence in true versus false recognition is consistent with the fuzzy trace theory Reyna, 1990, 2002; Schacter et al., 1996c) account of false memories in the DRM paradigm. This theory assumes that studying a list of associates leads to formation of verbatim traces, which contain item-specific information, as well as gist traces, which contain the general meaning of the list. At the test phase, true memories are supported mainly by retrieval of verbatim traces, whereas false memories are supported primarily by retrieval of gist traces. Assuming that verbatim retrieval is mediated by regions associated with recollection, such as MTL, and gist processing is mediated by regions associated with familiarity, such as frontoparietal regions, our findings fit very well with the fuzzy trace theory. In terms of this theory, our findings suggest that the reason why we trust veridical memories is because of the quality of verbatim traces recovered by MTL, whereas the reason why we trust illusory memories is because of the quality of gist traces processed by a frontoparietal network.
The dissociation between the neural correlates of confidence in true and false recognition is not incompatible with functional neuroimaging evidence that true and false recognition activity may overlap (Cabeza et al., 2001; Schacter et al., 1996b) . First, although we focused on differences, several regions showed similar effects of confidence for true and false recognition (Fig. 2) . Second, overlaps in the neural correlates of true and false recognition are likely to be greater when using longer associative study lists, which elicit higher levels of false recognition, including illusory or "phantom" recollection of critical lures (Brainerd and Reyna, 2002) . Phantom recollection, which include participants' tendency to "remember" critical lures in the standard DRM paradigm (Roediger and McDermott, 1995) , tends to occur in conditions involving very high levels of false recognition (Ͼ80%) rather than the moderate levels observed in this current study (52.5%). According to one view (Lampinen et al., 2005) , phantom recollection reflects "content borrowing" (that is, the misattribution of details belonging to list items to the critical lure). In contrast, the shorter categorical study lists investigated in this study yielded lower levels of false recognition, possibly emphasizing the role of familiarity in false recognition and differences with recollection-based true recognition.
We interpret MTL activity during high-confidence true recognition as reflecting mainly recollection. This assumption is supported by behavioral evidence that recollection-based recognition responses are almost always made with high confidence (Yonelinas, 2001) , as well as with lesion and functional neuroimaging evidence linking MTL to recollection. MTL lesions yield significant recollection deficits (Fortin et al., 2004; Yonelinas et al., 2002) , and MTL activity tends to be greater for remember than "know" responses (Eldridge et al., 2000; Yonelinas et al., 2005) , for correct than incorrect source memory (Cansino et al., (yellow) were associated with MTL activity, and low-confidence responses (blue) were associated with frontoparietal activity. A ventral posterior parietal region was associated with high-confidence activity (yellow) and was dissociated from the more dorsal posterior parietal region (nearby blue region). B, For false recognition, high-confidence responses (yellow) were associated with the frontoparietal activity and low-confidence responses (blue) with MTL activity. The results support the hypothesis that high confidence in true recognition is mediated by MTL (recollection), whereas high confidence in false recognition is mediated by frontoparietal network (familiarity).
2002), and for high-than low-confidence responses (Chua et al., 2006; Moritz et al., 2006) . In the case of false recognition, MTL activity was greater for low-than highconfidence responses (Figs. 3B, 4A) . A possible interpretation of this finding is that successful recollection of episodic memory details challenges the validity of false memories, making them less trustworthy. Consistent with this interpretation, participants can reduce false recognition by recalling information that is inconsistent with the occurrence of an illusory event Rotello et al., 2000) . Thus, the same successful recovery MTL mechanism that increases confidence in true recognition may reduce confidence in false recognition. Alternatively, the finding may reflect novelty detection (Knight, 1996; Tulving et al., 1996) or encoding operations during retrieval (Stark and Okado, 2003) . If despite their conceptual familiarity critical lures appear novel in some way (e.g., perceptual appearance), this novelty could reduce confidence in recognizing them as old (supplemental analysis, available at www.jneurosci.org as supplemental material).
We interpret frontoparietal activity during high-confidence false recognition as reflecting mainly familiarity. This assumption is supported by behavioral evidence that false recognition lacks sensory and perceptual detail (Norman and Schacter, 1997; Hicks and Starns, 2005) and is reduced by manipulations that make exemplars more distinct [e.g., repetition (Arndt and Hirshman, 1998) ]. The link between frontoparietal regions and familiarity is supported by lesion (Duarte et al., 2005) and functional neuroimaging studies. For example, fMRI studies have found that activity in several PFC and parietal regions is greater for know than remember responses (Henson et al., 1999) , is greater for incorrect than correct source judgments (Cansino et al., 2002) , is associated with a "feeling of knowing" (Maril et al., 2003) , and increases linearly with perceived oldness Montaldi et al., 2006) . These familiarity-related activations were often very close to the ones associated with high-confidence false recognition in the present study. For example, Yonelinas et al. (2005) found familiarity-related activations less than 1 cm away than the ones we found in left BA 45 [Yonelinas et al. (2005) : Ϫ48, 24, 21; present study: Ϫ42, 19, 20] and right BA 40 [Yonelinas et al. (2005) : 39, Ϫ51, 36; present study: 42, Ϫ45, 45]. Thus, the present finding that frontoparietal activity mediated highconfidence false recognition in the present study is not incompatible with evidence that these regions contribute also to true recognition, as the latter reflects not only recollection but also familiarity.
The finding that high PFC activity was associated with highconfidence false recognition may appear inconsistent with evi- . Activity in bilateral posterior hippocampal and parahippocampal area (A) was greater for high-than low-confidence true recognition, but greater for low-than high-confidence false recognition. Activity within a frontoparietal network (B) in both hemispheres was greater for low-than high-confidence true recognition, but greater for high-than low-confidence false recognition. See Figure 2 legend for explanation of the bar graphs.
dence that frontal lesions sometimes increase false recognition (Melo et al., 1999; Verfaellie et al., 2004 ) (for review, see Gallo, 2006) . However, this inconsistency is only apparent because we are not claiming that all PFC regions are associated with highconfidence false recognition. In fact, we found that activity in right dorsolateral/anterior PFC region (BA 46/10) was associated with low-confidence responses for both true and false recognition (Fig. 2 A) . fMRI studies have previously associated this region with "post-retrieval monitoring" (Henson et al., 2000) or general monitoring operations , and there is evidence that damage to this region leads to increased false recognition (Schacter et al., 1996a) . Thus, even if activity in some PFC regions contributes to false recognition, when regions involved in rejecting false memories are damaged, the net result may be an increase in false memories.
More generally, rather than top-down monitoring or control processes, we interpret the role of frontoparietal regions in highconfidence false recognition as reflecting the processing of bottom-up familiarity signals emanating from other brain regions, which were not detected in the present study. These regions include perirhinal regions that electrophysiological (for a review, see Brown and Aggleton, 2001 ) and fMRI (Gonsalves et al., 2005; Daselaar et al., 2006; Montaldi et al., 2006 ) studies have associated with familiarity, as well as anterior and posterior cortical regions that functional neuroimaging studies have associated with various forms of priming (for a review, see Henson, 2003) . Most likely, different frontal and parietal regions are involved in processing different aspects of the familiarity signal. For example, whereas parietal regions may reflect attentional shifts toward the familiarity signal, left ventrolateral PFC (BA 45) may more specifically reflect processing and evaluation of the familiarity signal elicited by the critical lure.
Given the hypothesis that confidence in true and false memories depends on different neurocognitive mechanisms, an interesting question is how these mechanisms interact. Correlation analyses yielded negative coupling between MTL versus frontoparietal activity. A possible interpretation of this finding is that input from MTL is an important dimension regulating frontoparietal involvement in episodic memory retrieval (Moscovitch, 1992; Buckner and Wheeler, 2001; Rudy et al., 2005) . When MTL yields abundant raw memory materials and recollection, there may be less need for familiarity processes mediated by the frontoparietal network. Thus, MTL and the frontoparietal network may play complementary roles during episodic retrieval.
In summary, the present study shows that despite overlaps previously reported between true and false recognition activations (Cabeza et al., 2001; Schacter et al., 1996b) , when one focuses exclusively on high-confidence responses, the neural correlates of true and false memory are clearly different. Highconfidence true recognition was associated with high MTL activity, whereas high-confidence false recognition was associated with high frontoparietal activity. These results indicate that confidence in true recognition is mediated primarily by a recollection-related MTL mechanism whereas confidence in false recognition reflects mainly a familiarity-related frontoparietal mechanism.
Figure 5. Activity within medial temporal lobes (A) was greater for high-confidence true recognition (HC-TR) than for high-confidence false recognition (HC-FR). Activity within a frontoparietal network (B) was greater for high-confidence false recognition than for highconfidence true recognition. From each subject and a pair of ROIs, a within-subject Pearson correlation was computed across the mean parameter estimates of the four critical conditions. Numeric values are across-subjects means of these correlations. DPariet, Dorsal parietal cortex. Asterisks represent different levels of statistical significance (*p Ͻ 0.05; **p Ͻ 0.01; ***p Ͻ 0.001).
